Summary This paper presents epidemiological data on silent nerve fu nction impairment in leprosy based on a retrospective study of 536 patients registered at Green Pastures Hospital, Pokhara, West Nepal. Because of the multiple possible aetiologies it is proposed that the clinical phenomenon should be named 'Silent Neuropathy' (SN). We defined this as sensory or motor impairment without skin signs of reversal reaction or erythema nodosum leprosum (ENL), without evident nerve tenderness and without spontaneous complaints of nerve pain (burning or shooting pain), paraesthesia or numbness. The fu nctioning of the main peripheral nerve trunks known to be affected in leprosy was assessed using a nylon filament to test touch thresholds and a manual voluntary muscle test to quantify muscle strength.
been used to describe this phenomenon, including 'quiet nerve paralysis', I 'silent neuritis , 2 , 3 and 'nerve reaction.' 5 However, we were unable to find any publication on the epidemiology of this phenomenon in a population of nonselected patients. There is no consensus about its aetiology and in many leprosy clinics where no routine nerve function assessments are carried out, it is missed altogether. 3 , 6 Assessment of nerve function refers to testing of sensory and motor function of structures innervated by the major nerve trunks commonly affected by leprosy (facial, ulnar, median, radial, lateral popliteal and posterior tibial nerves) and their branches. Because we regularly encountered SN at Green Pastures Hospital (GPH), in a sizeable proportion of patients requiring steroid treatment for neural impairment, we decided to study this phenomenon in more detail. This was done in the context of the retrospective cohort analysis on leprotic reactions and neural impairment which was carried out at our hospital.
GPH is a IOO-bed mission hospital in Pokhara, West Nepal, run by the International Nepal Fellowship under its Leprosy Control Project, which is a joint venture with His Majesty's Government/Nepal. GPH is the main leprosy referral hospital for the West of Nepal.
This study addresses the following questions: 1, what is the prevalence at first examination and incidence rate of SN in the patients studied?; 2, can any risk factors be identified that are prognostic for an increased risk of SN?; 3, how well does it respond to steroid treatment?; and 4, what are the possible aetiologies of SN?
Methods

STUDY DESIGN
The current study was part of a retrospective (historic) cohort study of all leprosy patients registering at GPH between January 1988 and January 1992. Both previously treated and untreated patients were included, although, for most purposes, their results were analysed separately.
CRITERIA FOR INCLUSION AND EXCLUSION OF PATIENTS
All new, previously untreated patients who registered for treatment in GPH during the abovementioned period were included in the study. Patients referred to GPH for treatment of reaction/neuropathy were included, but those whose treatment was started elsewhere more than 1 week before arrival at GPH were excluded.
OUTCOME MEASURES
The number of patients with SN among all patients III the cohort stratified by classification and time of onset of neural impairment.
Odds ratios pertaining to the following potential risk factors: age, sex, classification of leprosy, extent of disease (numbers of skin lesions, nerves and body areas involved in the disease), bacteriological index, PG L-l serological results and type of leprosy treatment (multi drug therapy (MDT) vs dapsone monotherapy (DDS» .
Voluntary muscle test (VMT) and touch sensibility test (TST) scores at various times during and after steroid treatment.
DIAGNOSIS AND CLASSIFICATION OF LEPROSY
Details on diagnosis and classification, which included clinical examination, counting of the number of body areas involved in the disease, skin smears from routine sites and at least 1 active lesion, PGL-l antibody testing and histopathology for a limited number of patients, were described in a previous pUblication. ? Briefly, the body area system is based on a count of the number of body areas out of a total of 9 (head, 4 extremities, fr ont and back, both divided in left and right side) that shows primary or secondary signs of leprosy. These may include skin lesions, enlarged nerves, clawing of fingers and ulcers.
DIAGNOSIS OF REACTIONS AND NERVE FUNCTION IMPAIRMENT REVERSAL REACTION (RR)
The diagnosis 'reversal reaction' was based on the presence of skin signs, but a patient could have some or all of the fo llowing clinical signs:
Skin: redness and swelling of (usually already existing) lesions, sometimes tender in the lesions. Nerves: often signs of neuritis with/without swelling, nerve pain, tenderness or nerve function impairment. General: sometimes oedema of hands, feet or face, occasionally fe ver.
SILENT NEUROPATHY (SN)
A patient was diagnosed as having SN if he showed the fo llowing clinical signs and symptoms: sensory or motor impairment (see below) without skin signs of reversal reaction, ENL, without nerve tenderness that had been noticed by the patient and without complaints of nerve pain (burning or shooting pain) or paraesthesia that were mentioned by the patient without specifically asking for them.
There are 3 common clinical scenarios. The first is of a patient who presents with skin signs of leprosy without complaining of his nerves, who during nerve function assessment is found to have sensory and/or motor impairment. The second is the patient who presents because of the consequences of impaired sensory or motor nerve function such as weakness, clawing or a painless ulcer of recent onset, but who does not recall reactive skin lesions or nerve pain. The third is that of a patient who is already taking antileprosy treatment, but who is found to have new neural impairment during a routine fo llow-up sensory or motor assessment. In this study we called SN a 'reaction'; this does not imply any inference concerning the aetiology.
CROSS-OVER REACTIONS
Some patients develop more than 1 type of reaction during their time of registration. For example, a borderline lepromatous patient who first has an episode of reversal reaction, followed after some time by an episode of ENL. We called this phenomenon 'cross-over reactions' .
VOLUNTARY MUSCLE TEST (VMT)
The VMT score consisted of the sum of individual scores (0-5; 0 = paralysed, 5 = normal strength) for the fo llowing muscles: Facial nerve: orbicularis oculi (only)-maximum score: 5; Ulnar nerve: first dorsal interosseus ('index finger out') and abductor digiti minimi ('little finger out')-maximum score: 10; median nerve: abductor pollicis brevis and opponens pollicis ('thumb up')-maximum score: 10; lateral popliteal nerve: extensor hallucis longus and peroneus longus & brevis (,lateral fo ot up')-maximum score: 10.
TOUCH SENSIBILITY TEST (TST)
Static touch sensibility of the ulnar and median nerves was tested on the palm of the hand, using a nylon monofilament giving a force of approximately 10 gm when pressed until it bent. The result was recorded as fe lt or not fe lt for each of the sites mentioned below. If the patient sometimes felt the touch and sometimes not, the result was recorded as partial. When necessary the test was repeated until the examiner was confident about the patients response. Touch sensibility of the posterior tibial nerve was tested in a similar way using a thicker monofilament, giving a force of about 75 gm. The size of these filaments was far from ideal (see Discussion below) but they were the only 2 sizes available in Pokhara at the time. During a normative study of touch sensibility thresholds of healthy Nepali subjects in Pokhara, about 99% were able to fe el a 200 mg monofilament on the hand and more than 95% a 2gm monofilament on the sole of the fo ot (Kets et al., in preparation). The TST score consisted of the sum of touch sensibility test scores given for individual sites (2 = monofilament felt, 1 = doubtful, 0= monofilament not fe lt); the number of sites depending on the nerve tested.
Ulnar nerve: 3 points on the pulp of the little finger, over the 5th metacarpopha langeal (MCP) joint and on the hypothemar eminence respectively-maximum score: 6; median nerve: 4 points on the pulp of the thumb, over the 2nd MCP joint, the pulp of index and middle fingers, respectively-maximum score: 8; posterior tibial nerve: 10 points, on the tip of each toe, over the 1 st and 5th metatarsophalangeal joints, the instep, the lateral border and the heel-maximum score: 20. Further details of the testing methodology were reported in a separate paper. 8
IMPAIRMENT OF NERVE FUNCTION
A patient was diagnosed as having impairment if there was a deterioration of more than 2 points in the VMT score of an individual nerve or, similarly, 2 points or more in the TST score of a sensory nerve compared to the previous result, or maximum result in case previous results were not available. A reported onset ofthe neural impairment ofless than 6 months previously was recorded as recent; otherwise it was recorded as old. The motor and sensory scores were fu rther divided into 4 functional categories. Most patients had more than 1 nerve affected but in this paper treatment results are illustrated using only data on 1 ulnar nerve per patient. The functional categories are shown in Table 1 .
TREATMENT
Only patients with recent neural impairment (see above), and who had no other concurrent severe illness, such as untreated tuberculosis, were considered eligible for steroid treatment. They received 1 of the following corticosteroid regimens:
1. Dexamethason 6 milligrams (mg) once daily (od) starting dose, tapering approxi mately 0·5 mg every 2 weeks, depending on the progress of the patient, thus giving a duration of treatment of about 6 months. 2. Prednisolone 30 mg twice daily (bd) starting dose, tapering approximately 5 mg every 2 weeks, depending on the progress of the patient, thus giving a duration of treatment of about 6 months. 3. Prednisolone 60 mg od starting dose, tapering approximately 5 mg every 2 weeks, depending on the progress of the patient, thus giving a duration of treatment of about 6 months. 4. Prednisolone 40 mg od starting dose, tapering approximately 5 mg every 2 weeks, depending on the progress of the patient, thus giving a duration of treatment of about 4 months.
STATISTICAL METHODS
Risk factors were examined using logistic regression and the results are expressed as odds ratios. An odds ratio may be interpreted as the increase in risk in patients who have the risk factor compared to those who do not. For example, an odds ratio of 1·9 for bacteriological index means that patients with a positive skin smear had almost twice the risk of developing silent neuropathy as those with a negative skin smear. The difference between 2 paired samples was tested using the Wilcoxon matched-pairs signed-ranks test. 9 A p-value of less than 5% was used as the level of statistical significance. Incidence rates were calculated as the number of patients developing new nerve function impairment during the fo llow-up period divided by the cumulative person years at risk. Patients were censored from the denominator as soon as the first episode of SN had occurred. Patients lost to follow-up due to death, defaulting or transferral only contributed person years to the denominator for as long as they were still followed up. Prevalence and incidence were only calculated for the sub-group of new patients. The 95% confidence interval is given in parentheses, e.g. 4·2 (2' 1-8'2) means that there is 95% chance that the ratio actually lies between the values 2·1 and 8·2. Analysis was done using Epi Info software, version 5.01 10 and SPSS for Windows, version 6.0.
Results
PATIENTS
We included 536 patients in the study-396 were new patients and 140 were old patients who either registered at GPH prior to the study period or were treated elsewhere before being referred to GPH. The mean age for the new patients was 41 years (range 2-88) and for the old patients 39 years (range 8-72). Among the new patients 70% were male against 81 % among the old patients. The average follow-up time for new patients at the start of data analysis was 21 months (range 1-49). There were 2 TT, 202 BT, 7 BB, 133 BL, 42 LL and 10 pure neuritic (PN) new patients, against 38 BT, 6 BB, 40 BL, 40 LL and 6 PN 'old' or referred patients-71 patients were or had been on DDS mono therapy, 344 patients had been or were on the multidrug regimen recommended by the World Health Organisation (WHO MDT). ll The regimen for paucibacillary patients consists of daily dapsone 100 mg and once-monthly rifampicin 600 mg (dosages are for adult patients). For multi bacillary patients clofazimine is added in a dose of 50 mg daily and 300 mg once a month. The duration of each regimen expressed in monthly doses is 6 months and 24 months, respectively (1 patient had taken a different type of MDT). Table 2 shows the prevalence of SN at first examination and the incidence rates during follow-up amongst the new patients. On average 6·8% of new patients presented with SN of recent onset at the time of diagnosis. More SN was diagnosed at the start of treatment than during or after treatment. Overall 52/396 new patients (13%) developed 1 or more episodes of SN.
PREVALENCE AND INCIDENCE RATES
The overall incidence rate of SN was 4·1 per 100 person years at risk (PY AR). The rate difference between Ridley-Jopling classification groups was not significant statis tically, but the numbers in each group were only small. Table 3 presents the incidence of SN episodes by time of onset. The majority of episodes diagnosed after registration occurred during the first year of treatment (75%).
CROSS-OVER REACTIONS
The phenomenon of 'cross-over reactions' is shown in Table 4 : 18 patients (12 BT and 6 BL) had a reversal reaction episode followed by SN. The reverse occurred in 6 patients (4 BT, 1 BL, 1 LL). Cross-over between ENL and SN occurred in 7 LL patients (4 x ENL -+ SN, 3 x SN -+ ENL). a 95% confidence interval, b incidence expressed as the number of episodes of SN per 100 person years at risk (PYAR). Table 5 shows the progress of nerve functional scores during treatment. The median value of the sensibility score improved from 0 to 2·5 (z = -2'65, P = 0'008) over a period of 3 months, while the median value of the motor score improved from 6 to 7 (z = 2'53, p=0'012) over the same period.
RISK FACTORS
The only risk factor of statistical significance was the extent of clinical disease expressed as the number of body areas involved in the disease, 7 the number of enlarged nerves or the bacteriological index. If a cut-off point of 3 or more body areas (out of9) was chosen to define 'extensive disease', the risk of SN was 3 times higher for patients with extensive disease compared to those with limited (= less than 3 body areas involved) disease (adjusted odds ratio 2·8 (1'3-6'0), p = 0'01). The risk factors are summarized in Table 6 . • RR, reversal reaction; b SN, silent neuropathy; C ENL, erythema nodosum leprosum. Median of VMT score (scale 0-10) 6 7 8
a The intervals refer to the time between the start of the steroid treatment and the date of the nerve function assessment, b number of patients; the numbers in parentheses are column percentages.
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onset' is not necessarily the same as a reversal reaction in the nerve and, therefore, there may be several causes of SN.
First, the incidence rate of reversal reaction in borderline lepromatous patients was much higher than in lepromatous patients, 1 2 while the incidence rate of SN was higher in lepromatous patients (rate ratio 3·0 (0'81-11'2» . Secondly, 'cross-over reactions' occurred between reversal reaction and SN, as well as between ENL and SN. It would be conceivable that in some patients reversal reactions would only be manifest in the nerves, e.g. because skin lesions have 'burned out' during treatment. The latter could explain why some patients may have a reversal reaction at the beginning of their treatment, fo llowed later by SN. But although this latter pattern is more common (Table  4) , several patients first had SN fo llowed by a reversal reaction with skin reaction. It is also difficult to believe that BL and LL patients would have more antigen in their nerves than in their skin, causing a neural rather than a skin reaction. The 'burned out lesion option' is unlikely because the majority of SN episodes were diagnosed at the beginning of treatment or during the first year (Table 3) . If SN were just an expression of reversal reaction (RR) it remains difficult to explain why RRs sometimes occur in the skin, sometimes in skin and nerves and sometimes in the nerves only. The nature of SN can only be investigated (immuno-)histologically on nerve biopsies and by study of immunological markers during episodes of such neuropathy.
It has been shown that peripheral nerves of leprosy patients, particularly those of the lepromatous type, may already be affected subclinically at an early stage in the disease process. 1 3 -1 S Schwann cell pathology, particularly in unmyelinated fibres, is one of the first pathophysiological processes to occur in leprous neuropathy. 16 -18 In addition, it is said that fibrosis following inflammation of the nerve tissue can be a further cause of neural impairment. IS Many investigators have reported a marked intraneural increase in fibrous tissue in leprosy. 14 , IS , 1 9 -21 In advanced patients JOb 14 found that nerve tissue was sometimes completely replaced by collagen, leaving the nerve as a nonfunctional fibrous cord. Charosky et al.'s lS proposition that epineurial fibrosis leads to increased intraneural pressure and, thus, through ischemia to further 'neurological deficit', seems plausible. Despite this, there is no direct evidence that fibrosis actually leads to fu rther nerve damage. Both these postulated early and late causes of functional impairment are strictly speaking not neuritis, i.e. inflammation of the nerve. We propose therefore to name the clinical phenomenon of silent impairment of nerve function with the descriptive term 'silent neuropathy' rather than to use the term 'silent neuritis'.
Besides Schwann cell degeneration and intraneural fibrosis there are at least 2 immunological processes that may cause SN. The first one is a cell-mediated immune reaction probably involving cytoplasmic antigens of My cobacterium leprae. Although the immunological mechanism may be the same, lymphocytes from patients with a 'skin reaction' respond to different antigens (surface antigens) than those with a 'nerve reaction' (cytoplasmic antigens). s Because this neural reaction is a cell-mediated immune process, it has been classified by some investigators as a 'reversal reaction in the nerves' , z2 The second immunological reaction would be intraneural ENL. The occurrence of ENL lesions in peripheral nerves during an ENL reaction has been described by Pearson & ROSS. 23 Whether this also occurs during episodes of SN has to our knowledge not been reported. As ENL lesions are usually tender, it seems unlikely that intraneural ENL would produce silent neuritis.
TREATMENT
In the clinical setting it will often not be clear which pathological process is causing a given episode of silent neural impairment and, indeed, it may well be that one or more of the suggested processes occur simultaneously and contribute together to the observed impairment. For the leprosy worker the difference is not so important, providing that he or she is actively looking for SN, because neural impairment in both types of reaction responds to treatment with corticosteroids. With a prevalence of 6·8% and an incidence rate of 4'1/100 PYAR, SN was a common phenomenon among our patients. We found that during a SN episode in BL/LL the patients' neural impairment sometimes responded well to treatment with thalidomide only (unpublished observation). The SN patients who were treated with steroids showed good improvement in both sensory and motor function. The finding by Srinivasan et al. 1 that the extent of neural impairment has a prognostic value for the outcome of treatment, was confirmed by our data. Nerves with complete loss of function or which were classified 'bad' were much less likely to recover to 'good' function, than those whose function was still 'moderate' at the beginning of treatment (data not shown).
RISK FACTORS
The extent of clinical disease as expressed by a count of the number of body areas involved in the disease, the number of enlarged nerves or the bacteriological index of the initial skin smear, was the only factor associated with a significantly increased risk ofSN. This was not surprising as we have shown in a previous study that 'extensive disease' was a risk factor for any type of neural impairment. The suggestion by Parkhe et al. 4 that treatment with MDT (as compared to DDS treatment) would give an increased risk of silent neuritis was not confirmed by our data.
ASSESSMENT OF NEURAL FUNCTION
Since regular assessment of neural function plays such a crucial role in the detection of silent neuropathy, the most sensitive methods that are operationally feasible should be employed. Recently, we have reported good results in the monitoring of sensibility of the hand and foot using Semmes-Weinstein monofilaments and moving 2-point discrimi nation. 24 We believe that such instruments should be made widely available and that training should be given in their appropriate use to all health workers involved in the treatment of leprosy patients. If standardized filaments are not available, they can be made from locally available materials such a suture or fishing nylon, but straight nylon is to be preferred. 25 -27 Until the use of mono filaments has been implemented, the 'ballpen test' probably remains the best alternative.
Conclusions
SN is a common complication in Nepali leprosy patients.
Some epidemiological evidence suggests that SN is not equivalent to a 'RR expressing itself in the nerves'. Further (histopathological) investigation is needed.
Patients with more extensive clinical disease were at increased risk of developing SN. These patients should have their nerve function assessed at every clinic visit at least during their first year of treatment.
Regular nerve function assessment, using the most sensitive tests available, is essential to detect SN at an early stage and to prevent permanent nerve function impairment.
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